Combined density functional theory (DFT) and continuum calculations of pKa in carbonic anhydrase.
Deprotonation of zinc-bound water in carbonic anhydrase II is the rate-limiting step in the catalysis of carbon dioxide between gas- and water-soluble forms. To understand the factors determining the extent of dissociation, or pK(a), of the zinc-bound water, we apply quantum chemistry calculations to the active site coupled with a continuum model of the surrounding environment. Experimentally determined changes in pK(a) associated with mutations of the active site are well reproduced by this approach. Analysis of the active site structure and charge/dipole values provides evidence that mutations cause changes in both conformation of the active site structure and local polarization, which accounts for the shifts in pK(a). More specifically, the shifts in pK(a) correlate with the dipole moments of the zinc-bound water upon deprotonation. The data further support the conclusion that the distinct pK(a) values found in mutations of the same type, but applied to different sites, result from asymmetric ligation and different electronic environments around the zinc ion.